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NOTE 

It i s  i n  t h e  nature of frequently used computer programs t h a t  fmm t i m e  
t o  time they undergo modifications as d ic ta ted  by the  experience of people 
who use them. Thus our Dif fe ren t ia l  Orbit Improvement Program, being i n  use 
s ince  t h e  end of 1958, has been changed on severa l  occasions. I n  the  pas t  
we d id  not give notice of any of these changes, because they affected merely 
t h e  i n t e r n a l  s t ruc tu re  and t h e  capabi l i t i es  of the  program. Some recent 
modifications, however, should be pointed out because they a l t e r  the def in i -  
t i o n  of the mean o r b i t a l  elements. 

1. As before, the s e m j o r  axis a of an o r b i t  is being computed fram 
the mean motion n of t he  s a t e l l i t e  according t o  t h e  formula 

(Y. Kozai, Astron. Journ.,vol. 64, pp. 367-377; i n  h i s  equation (14) we put 

A2 = 2 J2<). 

the  t i m e  der ivs t ive  of t he  mean anomaly M. Therefore i n  cases where i n  addi t ion  
t o  a polynomial part the  mean anomaly a l s o  had a trigonometric p a r t ,  the  program 
produced small but unwanted, long-periodic var ia t ions i n  the  semimajor axis. I n  
t h e  new program the  mean motion is defined as the  time der ivat ive of t he  mean 
anomaly's polynomial part only. 

I n  the old program, the  mean motion i n  tu rn  was defined as 

2. The old program provided in t e rna l ly  only f o r  those f i r s t -o rde r  short-  
per iodic  per turbat ions that a r e  caused by t h e  second zonal harmonic (J2-term)of 
the geopotential. 
lunar perturbat ions With periods of approximately two weeks. 
expressions are qui te  complicated and will not be given here. 
use this  fea ture  of the program only i n  connection with o r b i t s  t h a t  a r e  computed 
from prec ise ly  reduced Baker-Nunn observations. I n  our fu ture  publ icat ions of 
s a t e l l i t e  o r b i t a l  data  we will always mention i f  lunar perturbations were in -  
cluded i n  the  computations. 

The new program has t h e  optional capabi l i ty  t o  account f o r  
Their a n a l y t i c a l  
As a nile, we 

A deta i led  write-up of the  new Di f f e ren t i a l  Orbit Improvement Program, 
.henceforth ca l led  YI-3, w i l l  be given shor t ly  by Mr. Edward M. Gaposchkin. 
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The o r b i t a l  elements have been derived by t h e  indicated staff members 
of t h e  S a t e l l i t e  Tracking Program, Smithsonian Astrophysical Observatory, 
employing the  SA0 Dif fe ren t i a l  Orbit Improvement Program ( D O I )  . 

A s  opposed t o  osculating elements, the elements presented here are mean 
elements i n  t h e  sense that t h e  e f f ec t s  o f t h e  short-period perturbations due 
t o  t h e  ea r th ' s  oblateness have been eliminated. 

SA0 mean elements have been derived from observations covering severa l  
days and are given i n  the  form of a table. The successive sets of elements 
are e s s e n t i a l l y  independent of each other. They are dependent, however, i n  
t he  sense that high-order coeff ic ients  i n  t h e  secular  and t h e  long-periodic 
terms are generally considered as known and as constant f o r  periods of several 
weeks o r  months, as d ic t a t ed  by convenience. 

The times of epoch i n  t h e  mean elements a r e  reckoned i n  J u l i a n  Days, but 
f o r  t h e  sake of  convenience t h e  number 2400000.5 has been subtracted t o  provide 
an abbreviated nota t ion  which we c a l l  "Modified J u l i a n  Days," o r  "MJD." 

The un i t s  of t e o r b i t a l  elements are degrees f o r  angular quant i t ies ,  
megameters (Mm = 10 
mean anomaly M and i t s  der iva t ives .  

t: meters) for  l i n e a r  quan t i t i e s ,  and revolutions f o r  t he  

The tabulated values of t h e  SA0 mean elements give t h e  values of arguments 
of perigee w; r i g h t  ascension of the ascending node R; inc l ina t ion  i; eccent r i -  
c i t y  e; and mean anomaly M as f inct ions of t i m e  t = T-T (where To is the reference 
epoch) expressed i n  days. 
represents  t h e  standard e r r o r  f o r  t h a t  element and refers t o  t h e  las t  d i g i t s  
given. 

0 
The two-digit number placed a t  the  r i g h t  of each value 

The same t abu la t ion  a l s o  gives t h e  mean (anomalistic) motion n; t h e  o r b i t a l  
acce le ra t ion  n1 /2  o r  n ' (dn/dt) ,  and the  semimajor ax i s  a 01- t he  geocentric dis tance 
of' perigee q ( i n  megameters). 
ind ica tes  the  number of cbservations used f o r  t h e  computation of a set  of elements; 
t h e  one headed D, t h e  number of days used; and t h e  one headed (3, t h e  standard e r r o r  
of t he  representation of t h e  observations r e l a t i v e  t o  t h e i r  assumed accuracy. 

Of the last  th ree  columns, the  one headed N 

SA0 smoothed elements have been derived from observations covering about two 

The general expression f o r  any element E i s  
weeks. 
and per iodic  terms. 

They are given as functions of t i m e  and generally include both secular  

2 E = E + Elt + E 2 t  + . . . + Ai s i n  (Bi + C i t )  , 0 

.- L 
%'his work was supported by grant N s G  87-60 from the  National Aeronautics \ 

L 
% and Space Adiiinistration. 



\:here t = T q O  i s  again expressed in days. The presence of a standard error 
associated 1:ith a p a r t i c u l a r  coef f ic ien t  ind ica tes  t h a t  t h i s  quant i ty  vas 
determined by the  process of d i f f e re i l t i a l  o r b i t  improvement; t h e  absence of 
a standard e r r o r  means t h a t  the  quantity vas taken from some other  source. 

I n  our computer program, the  inc l ina t ion  and the  argument of perigee 
a r e  referred. t o  the t r u e  equator of date;  t h e  r igh t  ascension of t h e  ascending 
node, however, i s  reckoned from t h e  mean equinox of 1950.0 along the  corres- 
ponding mean equator t o  t he  in te rsec t ion  with t h e  moving true equator of date ,  
and then along the  t r u e  equator of date. To transform from r i g h t  ascension of 
the  node as determined by t h e  DO1 t o  r i g h t  ascension of t h e  node referred t o  
the  mean equinox of date, one uses 

no = no ( D O I )  + 3?508 X lo-’ (MJD - 33281) , 
vhere MJD stands f o r  t h e  Modified J u l i a n  Day of t he  date. 

The mean (anomalistic) motion n can be obtained from tile smoothed elements 
by t i iff’erentiating t h e  expression €or M, and t h e  o rb i t a l  acce le ra t ion  n’ can 
be obtained by twice  d i f f e ren t i a t ing  the  same expression fat. M. 
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Sa te l l i t e  1959 Alpha 1 2 November - 30 December 1962 
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Satellite 1959 E t a  1 July .. 1962 
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Satellite 1961 W c r o n  1 2 November - 30 December 1962 
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Satellite 1961 Omicron 2 
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S a t e l l i t e  1961 Alpha Delta 1 

SA0 Smoothed Ebments 

The following elements are based on 551 observations and are va l id  f o r  
t h e  period March 9 through March 31, 1962. 

To = 37744.0 MJD 

w = (242451 f 8)  - (99821 f 8)t + 3?7069 COS w 

R 

i 

= (327?93045 f 9 )  + (?21054 f 1)t - ?OOOl COS w 

= (95Q8644 f 1) + 90001 s i n  w 

e 

M = (.60871 f 2)  + (8.676678 f 2 ) t  + (.36 f 6 )  x 10'7t2 

= (.012098 f 3) + .0007820 s i n  w 

+ ( ~ 6 9  f 9) x 10-7t3 - .0100850 cos w 

Standard error of one observation: 0 = f 12". 

The following elements a r e  based on 408 observations and are val id  fo r  
t h e  period April  1 through Apr i l  30, 1962. 

To = 37770.0 MJD 

UI = (216985 f 2)  - (9981 f 1)t + 3?7069 COS w 

R = (33394008 f 1) + (?"3021f l ) t  - ?OOOl cos W 

i = (95?8582 f 2) + ?OOOl s i n  U) 

e = (.OlUO4 f 3) + .0007820 s i n  w 

-7 2 M = (.a250 f 5 )  + (8.676673 f 4)t - (.16 f 4 )  x 10 t 

+ (.54 f 42) X 10-'t3 - .0100850 cos w 

Standard e r r o r  of one observation: CY = f 13" 
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The following elements are based on 420 observations and are val id  f o r  
the period May 1 through May 3l, 1962- 

'6 = 37800.0 MJD 

U) = (18fl59 f 7) - (?9715 f 7 ) t  + 3?7069 COS u) 

R = (33$703'?6*9) + (?m972 f 8)t  - 9ooO1 cos w 

i = (95?8526 f 2) + ?0001 s in  u) 

e = (.OELX) f 1) + .oOO7820 sin U) 

M = (.50224 f 2) + (8.676647 f 2) t  - (.39 f 3) X 10m7t2 

+ (.36 f 3) X 104t3 - .0100850 cos w 

Standad error of one observation: Q = f 12#. 

The following elements are based on 248 observations and are val id  for 
the  period June 1 through June 30, 1962. 

To = 3783.0 MJD 

U) = (1579438 f 6) - (99703 * 6 ) t  + 33065 COS U) 

R = ( 9 6 9 ~ 0 7  f 1) + (?a986 f i ) t  - ?oooi COS w 

i = (9598493 2) + 90001 s i n  w 

e 

M 

= ( .ora32 * 2) + .000@20 sin u) 

= (.47841 f 2) + (8.676643 f 2) t  - (.22 f 4 )  X 

+ (.24 f 5) x d t 3  - .0100850'cos u) 
Standard error of one observation: u = t 10" 

The follm-ing elements are based on 577 observations and are val id  for 
the  period July 1 through July 31, 1962. 

To = 37860.0 MJD 

w = (1299220 8)  - (99769 * 6 ) t  + 397069 COS U) 

R 

i 

= (352?29756 f 6 )  + (?20994 * 7 ) t  - ?OOOl COS U) 

= (9598535 f 1) + ?000l s i n  w 

e 

M 

= ( .01=2 f 3) + .0007820 s i n  u) 

= (.lo126 f 2) + (8.676661 f 2 ) t  + (.U f 2) X 10 -7 t 2 

+ (.62 f 2") x 10-9t3 - .0100850 cos w 

Standard error of one observation: u = f 10". 
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The following elements am based on 432 observations and are d i d  fo r  
the period A u g u s t  1 through A u g u s t  31, 1962. 

To = 37Uy2.0 MJD 

w = (979917 f 6)  - (?9839 f 6 ) t  + 397069 COS w 

R = (359?0U7 f 1) + ( P U O 2 0  f 1 ) t  - QOOOl COS W 

i = (95?8599 f 2) + %oOl s in  w 

e = ( . 0 1 ~ 9 2  * 5)  + .00m20 sin w 

M = (.75451 f 2) + (8.676680 f 2)t  - ( 4 2  f 30) X 10 -82 t 

- (.24 f 4) X 104t3 - .0100850 cos u) 

Standard error of one observation: U = f ~o 

The following elemrents are based on US observations end are wdid  for 
the period Septeinber 1 through September 30, 1962. 

T = 37923.0 MJB 

w 
0 

= (67?45 f 1) - (99805 f 9 ) t  + 3?7069 e08 w 

n = (5?5U1 f 2)  + (?21&6 f 2 ) t  - ?oooi COS w 

i 

e 

= (95?8648 f 1) + ? O o o l  s i n  w 

= ( .012070 f 5 )  + .0007820 s i n  u) 

M = (.73145 f 4)  + (8.676669 f 2)t  - (.41 f 4) x 10'7t2 

- (.I1 f 6)  x 10-8t3 - .0100850 cos w 

Standard error of one observation: a = f ll". 

The following elements are based on 116 observations and are valid for  
the period October 1 through October 31, 1962. 

To = 37952.0 MJD 

w = (399.20 f 2) - (9978 * l)t + 33069 COS w 

n = (11?6483 f 3) + ( ? ~ & 8  f 2)t  - ?OOOl COB w 

i = (95?8654 f 3) + ?0001 s i n  w 

e = ( ,012089 f 5) + .00078m s i n  w 

- 8 2  t M = (-35432 * 5) + (8.676662 f 4 ) t  - ( -44 f 68) x 10 

- ( -20 f 7) X 10-8t3 - .0100850 cos u) 

Standard error of one observation: cs = f 10". 
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The following elements are based on 177 observations and are v a l i d  for  
t he  period November 1 through November 30, 1962. 

T = 37984.0 MJD 
0 

w = (7978 f 3) - (9978 i 3)t  + 3?7069 cos w 

n = (1893819 f 2)  + (?a019 f 2 ) t  - ?oooi COS w 

i 

e 

M 

= (95?8596 f 2 )  + ?OOOl s i n  w 

= (.012062 f 2 )  + .eo07820 s i n  w 

= (.00779 f 7) + (8.676663 fI '9)t  + (.21 f 6) x 10 -7 t 2 

- (. 30 f 6) x 1Om8t3 - .Olo0850 cos w 

Standard error  of one observation: CY = f 11". 

The following elements are based on 390 observations and are v a l i d  for 
the  period December 1 through December 31, 1962. 

T = 38014.0 MJD 

w = (338939 * 2) - (9972 f 2) t  + 33069 COS U) 

n = (24?6851 f 1) + (?21007 f 1)t - ?0001 COS w 

i = (95?8545 f 2) + ?OOOl s i n  w 

e = (.012074 f 2 )  + .0007820 s i n  w 

M 

0 

= (.30781 f 6 )  + (8.676646 f 5 ) t  + (.59 f 3) X 10 -7 t 2 

- (.81 f 3) x 10-9t3 - .0100850 cos w 

Standard error  of one observation: CT = f 12". 
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1 July - 30 A u g u s t  1962 Satel l i te  l g b l  Alpha Delta 1 
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1 September - 3.l October 1962 
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Satell i te 1961 A l p h a  Delta 1 
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Satellite 1962 Alpha Epkilon 1 

J J * * * * J * * * * * * J * * * * * * * * *  
N N N N N N N N N N N N N N N N ~ N N N N N N  . . . . . . . . . . . . . . . . . . . . . . .  
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1 September - 3 October 1962 
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